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A small quantity of Np237, the long-lived ancestor of the in + 1 series, 
has been isolated from a natural source. The Th229 ent of m obtained 
from Belgian Congo pitchdlende concentrate and of Th obtained from 
Brazilian monazite has been e syrtirestiy through isolation of the 2 
425 daughter. The nabs ratio of to in the Belgian Congo pitch % 
blende vane. hes been determined a5 (1.8 4 O.) x 10°**. The mass H 
ratio of to in the same ore deposit is found to be (1.3 + 0.2 
x « The ratio of the respective neutron- cross sections of 
0239 in the ore body for the (n, 2n) and (h, Da f ee 
to da (1.3 ¢ 0.6) x 10 on the basis of the relative Np‘?! and A Ta 


Introduction. 
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Three radioactive series whose respective long-lived parent nuclides 


2 


are m2, hes and v235 have long been known to exist in nature. In 


x. 


reference to the general formula for the nass numbers of the component 
nuclides these series are referred to eee as the ln, the kn + 2 
and the ln + 3 series. The “aissing" hn + 1 series was reported by 
Hagewann ot al‘). these authors propared 0233, whose masa number conforms 
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hy 


le French Hagemann, L. H. Katuin, Mu. l. Stadiers 0. Jr. Seabory and A. 
Ghiorso, Phys. Reve, 79, 435 (1950). ‘The decay scheme of the kn + 1 
series is given in this papere The values for the half-lives, as well 
as the characteristic alpha energies, of the members were also taken from 

this reference, 0 


to the general formula la + 1, by the. Th@24 (a, gema) m5 NL y233 
reaction. They determined the path of tha decay chain between artifici 
produced 0233 and stable B40 and reported the properties of the nuclides 
which are mentors of tne chain. The results are in agreenent with those 
obtained by English et al(2). Since 10237 decays by ee ee enission 


2e A. C. Melih, T. k. crenshan, P. Der ers, J. A. e „ k. P. Hincks, 
J. V. Jelley and A. N. Mey, Phys. Rev., 2. 253 (19h) « = 
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nin 
to form beta-active Pas! decaying in turn to 0233, p27 is considered to 
represent the long-lived genitor of the kn + 1 series, and the complote 
family of nuclides is referred to as tho neptunium series. 

Fxcept for the stable terminal member of the chain, 51209, this family 
of radioactive heavy nuclides corresponding to the formula lm + 1 has not 
been found in nature’), It has been pointed out by Seaborg(3) that 


3. . Seaborg, Chen. Eng. News, 25, 358 (1917). 


uranium-bearing ores should contain trace quantities of Np@37 formed by 
the 0238(n,2n)0?37——"\ + 9237 reaction; and it has béen suggested by 


Garner, Bonner and Seaborg(4) that uraniun-bearing ores containing an 


hee . 8. Garner, N. A. Honner and 0. T. Seaborg, J. Am. Chem. Soc., 2. 
3453 (1948). 


appreciable relative quantity of thorium should contain some long-lived 

u*33 formed as the result of the me22( n, gamma) Th233 __B_4, y233 reaction. 
However, isolation of either 27 or bez) from natural sources has not been 
reported. | | 

In the work presently reported, Np??? was isolnted from a Belgian Congo 
pitchblende concentrate and the ratios of Np237, y238 and 0233,y238 in this 3 
ore source determined, 

Although in preliminary experiments np??? was isolated from an aqueous 
waste resulting from the processing of Belgian Congo pitchblende concentrate, 
it was evident tit establishing the Np237 to U2 39 ratio by a direct 
technique would involve the complete dissolution of approximately one 
hundred kilograms of ore concentrate. Consequently, an approach based on 
another member of the in ¢ 1 series wis used. 
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the decay of Mp2 leads to the formation of The) (alpha-active, 
1.34 x 10° years) (I), and tne decay of 0234 lesds to the formation of Th? 
(alpha-active, 6,0 x 104 years)(5), Since the half-lives of these thorium 


5. The values for certain half-iivee have been taken from the Table of 


(1808 of G. T. Seaborg and I. Perlman, Rev. Mod. Phys., 20, 585 
196). 


isotopes are very long with respect to the time involved in processing 
an ore but very short with respect to the age of the ore deposit, it follows 
that the ratio of Th22? to me, by activity, should be identical to the 
ratio of Wp237 to 0238, vy activity, assuning that Th?2? has been formed by 

no means other than Np237 decay. However, it iu to be noted that th22? 
Will be formed if neutrons are captured by the Th#22 present in small quantities(1), 
this correction will be shown to be negligible. . 

Therefore, a method was devised for measuring the ratio of Th22? to 
m in a sample containing several grams of mme (ionium) which had 
been isolated, in tnis laboratory, from an aqueous waste resulting fron 
tha ‘processing of Belgian Congo pitchblente concentrate. The firet daughter 
ot Th? is Raz (alpha-actéve, 1590 yeara)(5), The first daughter of 
qh22? 1% R225 (veta-active, Ih- days) (1) and the second is Ac%25 (alpha- 
active, 10.0 days) (2), 

Consequently, it was decided to determine the Th?29 content of a 
e ee eee 

derised wheredy Ace 25 could be isolated and then identified by means of the 

characteristic alpha coargies of it and ite daughters(2). 

The requirements of the technique are stringent, since a virtually 
weightless sample of 40225 is required for determination of alpha energies; 
and act in lun, a trivaient element, must ba separated from divalent radium 
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and lead, trivelent biemth, and tetravalent thorium. In order to obviate 


the much more difficult problem of separating actiniwe from rare earths, the 
me? wos exhaustively purified from rere earths (und Ac®e5) and the hes? 
allowed to grow again. 7 

By means of a solvent extraction tee mique, Ac’? of nigh purity was 


isolated and an aliquot of the final prodict evaporated on a piatinum 
dise for alpha pulse sialysie(§), 


6. The energies of the alpha particles were determined by meons of a multi- 
channel differential pulse analyser described by A. Ghiorso, A. H. Jaffey, 


H. P. Robinson and 8. B. Weilssbourd, “National Nuclear Energy Series", 
Vol. IV~148, Paper 16.8 (19h9). 


For determination of chemical yield, 1 quantity of Ac®27 wes then 
added to the Th°9° ang the sample allowed to ages An actinium fraction was 
isolated and the quantities of A025 and d 227 present in the fraction 
determined by alpha prise analysis. From these data, the chemical yield for 
the actinium isol:tion step and thereby tue Ac®25 content of the TeD sarnle 
may be calculated, 


Experimantal. 


Isolation of Np??? Ten a sample of 2. — In the isoletion of 
approximately one microgram of naturally-ocourring tue? from n uranium 


process waste(?), the aqueous effluents from the first thenoyltrofluoroacetone 


7. D. F. Peppard, U. He Studier, M. V. Gergel, Q. R. Mason, J. C. Sullivan 
and J. F. Yech, J. An, Cham. Soc., 23, 2529 (1952), 


extraction cycle were conbined and set aside for dare study, This composite 
aqueous phase was subsequently evaporated to dryness. The residue was dis- 
solved in 0.5 4 mog end the cemulting solution made 0.2 h in Kj6r0,. After 
a heating period of several hours the solution was saturated with magnes im 
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bolut ond) , ‘mene organic phases ware thea scrubbed successively with 
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nitrate and contacted with ment equal volume port ons of diethyl ether 
(0.3 I An in whieh were scrubbed success!vely with twelve half-voliee 
portions of a solution 3.5 4 in 1 ⁹ ond 0. 2 f in . The oh 
ether extract die allesed to evaporate over water. This aqueous phase 
was evaporated to dryness, 

The resulting residue was dissolved in 5 1 Wi and any plutonium present 
reduced to the trivalent state (leaving any neptunius present in the tetra- 
valent state). The neptunium was then extracted into four successive 
portions of O. M thenoyltrifluoroacetone in bensene from the diluted 


. This procedure for soparating neptunim from plutonium is reported by 
ibe 8. 0. Thompson and O. 7. Seaborg, Phys. Reve, 78, 


paal) portions of 1:0 M l in order to decrear= the content of The and 
trivalent Pu”, until the total alpha activity of the composite organic 
phase (determined by measuring the alpha disintegration rate of an aliquot 
evaporated on a five wil platinum disc) was reduced to UO counts per 
minute. 

In order to simplify the interpretation of later alpha pulse data the 
abeence of Th2 was proved. The proof was furnished by the removal of 
added Th?34, 

Enough rnꝰ Ju tracer was added to the organic phase to produce a total 
beta counting rate, under the counting conditions used, of 12,700 counts 
per minute. Following several hours of agitation to permit thorium isotope 
exchange, the organic phase was scrubbed svccessively with six small portions 
of 1.0 M 1 in order to strip the thorium from tne organic phase. The 
entire o-'ganic phase was then evaporated on a five mil platinum disc. The 
total alpha counting rate was 26 counts per minute andthe total beta counting 


rate was less than 50 counts per minute, 
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Alpho pulse analysis showed 7 alpha counts per Anute due to be 
ot of the resining activity was dus to bus 


Isolation of N srom a Sample of Th, . Tracer Added.— A 
sample of thoriun as the nitrate, containing 8.77 + 0.09 f. of (nd 
Th g of me), isoleted from an aqueous waste resulting from the processing 
of Belgian Congo pitchblende concentrate for uranium, was extracted into 
approximately 10 liters of 0.6 K solution of thenoyltri fluoroacetone(?) 


9. Thenoyltriflucroacatone was obtained from Dow Chemical Co. 


in benzene at a pH of unity). nis solution was scrubbed with several 


10. ‘the extraction coefficients for actinium and thorium from an acidic 
aqueous phase into a bensene solution of thenoyltrifluoroacetone are 
given by French Hagemann, d. Aa. Chem Soce, 72, 768 (1950). 


smal) portions of 0.1 M MNO, to remove traces of rare earths, yttrium, and 
actinium. the soletton wes then allowed co age for & days to permit the 
gromth of ac?25 trom the rules present. 

At the conclusion of the ageing period, the Ac 223 was removed from the 
organic phase into 4 smal volume of aqueous phase by scrubbing the organic 
phase with three successive 200 ml. por tions of 0.2 M g-), these 
aqueous 8 heing successively contacted with tro 300 ml. portions of 
0.6 M thenoylirifluor. acetone in benzene Zollowed by two 300 ml. portions 
of benzene. ‘The benzene-thenoyltrifluoroacetone extracts containing the 
mꝰ o were combined, Ac”! tracer was added to a portion, and the extract 
allowed to age for the experiment described ‘in the section, Leo lat ion of 
1025 from a N20 Sample, Tracer Added. 

The composite aqueous phase, containing radium, bismuth and iead 
daughters of Te 22, of me, and of th??? and relatively large quantities 


— — 


—— 


of Th” and Mise 20 addition to the desired les, was evaporated to dryness. 
The residue was dissolved in a small quantity of water and the solution 
converted to 10 M. of snturated ant nitrate, 0.3 1 in 3. 

This aqueous feed was then contacted successively with four 10 al. 
portions of dibutoxytetraethylensglycol(2), to extract thorium followed 


11. Dibutoxytetraethyl«neglycol was obtained from Carbide and Carbon 
Chemical Corporation. 


by two 10 ml. portions of tributyl phosphate(12), to extract actinium, 


12. Tributyl phosphate, the n-butyl orthoester, was obtained from Com 
mercial Solvents Corporation. 


leaving radius in the aoueous phase. (Each ol these orgakic phases had 
previously been pre-oyuilibrated with a large volume of saturated ammonium 
nitrate, 0.3 M in mo, +) The aqueous feed was then followed, in the ex- 
traction cycle, by one 10 ml, portion of ammonium nitrate scrub (esteruted 
ammonium nitrate, 0.3 1 4ND 3)» 

mme dibutoxytetrnethyleneglycol phases were then discarded. The two 
tributyl phosphate phises, containing actinium and traces of radium, wre 
contacted successively with two five ml. portions of ammonium nitrate scrub, 
in order to reduce the radium content, then contacted successively with 
three 10 ml. portions of b A 0. in order to transfer the actinium to an 
aqueous phase. The aqueous re-extract was scrubbed with carbon tetrachloride 
to remove traces of tributyl pheaphate(23) and then evaporated to drynesa 


13. mis technique for removal of trace quantities of tributyl phosphate 
is recomended by J. Us Warf, J. Am. Chen. 800, Th, 3257 (1919). 


with a heat lanp, taking caro not to beat beyond dryness. 
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The regidve wan taken up in two eilliliters of saturated ammoniur 
nitrate and the sbove cycle of dibutoxytetracthyleneglyco] and tributy2 
phosphate extractions repented on a scale one-fifth of the foregoing. 

The final water re-extract was evaporated to dryness and the residue 
allowed to age for 2l hours to permit A028 and residual Pb and Bi isotopes, 
not of the A723 Series, to die out to a low value. 

Another axtraction cycle on the same scale was then performed. The 


final aqueous re-extract was then evaporated to dryness and the container 


heated with one milliliter of 0,02 K HNO, which was then evaporated to 


about 0.2 ml. This solution Was then saturated with ammoniun nitrate and 


contacted successively in a single centrifuge cone with two 0,10 ml. 
portions of tributyl phosphate. The tributyl phosphate phases were combined 


and an aliquot evaporated on a five mil platinum diese for alpha counting 24) 


14. Alpha counting wan done with a methene proportional counter with an 


approximate 52% geometry factor. Beta counting was done on the first 
shelf of a Geiger-"vller counter, Milled with 1 acetate gas, 
with a window thickness of approximately 2 mg/cm®, using appropriate 
aluminum absorbers to prevent counting of alpha particles. 


and for measurenent of alpha energies(®), The data are liated in Table 1. 


The alpha pulse analysis curves are shown in Figure le ‘the two curves 


pertain to the identical aliquot counted at different bias settings and 
for different counting times. 


Isolation of Ac? from a Sample of E20, Tracer Added. Using a 


shortened version of the preceding procedure a sample of d was separated 


from its daughter activities. This isotope of actinium tas two modes 


of decay, approximately 1.2% of the decaying atoms emitting alpha particles 
and the remainder enitting beta particles(25). The energy of the beta 


3 
15. U. Perey, J. phys. rad., 10, 435 (1939); J. chin. phys., 223 155 (1960. 
8. Peterson and A. Shiorso, "National Nuclear moergy Series", vol. 
IV = Alis, Paper 9.10 (1910). 
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particles ie too low to permit the use of data counting af an assay technique. 
However, standardisation of an 427 ohen by determination of tee alpha 
Gisintegration rate aspocieted with a certain sliquot is easily accomplished 
if the alphs perticlen emitted by the 40 7 may be distinguished from the 
elpha particlme en tted by the daughters of 27. Consequently, a solution 
of thie isotope 5 standardised, immediately after purification, by determining, 
through alpha pulse avalysis, the auer of Alpha disintegrations per ainute 
resulting from the n}sts-branghing of the 4027 contained in an aliquot 
evaporated on a platzun disc. (The energy of the particles considered 
is sufficiently different Srom that of any of the Ac?27 dunn tere that no 
difficulty in experianced if the sample is a freshly purified one.) 

An alinuot of the standard 77 solution corresponding to 420 o/s 
due solely to n added to a portion of the bensene- 
thency) triflucoroacetone exirect, described in the preceding tection, con- 
taining 8. 1 + 0.05 f of m (and LS l. of ez). (this portion of the 
extract hed been mixed with 300 al. of 0.1 1 HNO, immediately following 


the isolation of an actinium fraction as described in the preceding section.) 
The mixture was agitrted for approximately D nin. each day to prevent the 
acourulation of 4025 an formed, on the walle of the container. The 
extract was alloned to age for 56 days. 

An actinium fraction was then isolated by the method described in 
the preceding section. The final tributyl phosphate extract was evaporated, 
in approximately equa! parts, on two five mil platinum discs. One of these 
sanples wie immediately subjected to Apba pulse analysis (to determine 
unt fraction of the total alpha notivity due to A027 end that due to 4028s 
and its daughters) an! tha other was concurrently subjected to alpha counting 
in a counter calibrated at approximately 52% geonetry(24), The data are 
included in Table 1. The alpha pulse anslysis curve is shown in Figure 2. 
The bias setting and counting tine differ from those used in obtaining tne 
data of Figure 1. 
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36. The thoriue nltrate, bete Tre eee Wight eee ee, 
hadi Dew eee from een een semesite concentrate «1th approsivete 
Th and © contents of Gf snd 0.18 renppotively. 


mately one kilogram of W. was dissolved in approximately Lh liters of 
dibutoxytetreetiylenexiyool by long stirring at room temperature, The 
clarified solution was eorrtibed with six GO al. portions of 6 ¥ aumoniue 
al trete. The extract, containing 905 2 0 ge of THEIR, wap then eilowed ve 
age for 56 days. 

At the conclusion of the ageing period, Ce extract «ae contacted n 
four 250 al. portions of «onium Munster (saturated sosontun nitrate, 
o. J 1 in HMOs) in order to strip the actinium, Leaving tm nid te 
organic phase. These aqueous phases were then separately and sunenesively 
contacted with two 250 W. vertions of tribetyl phosphate, in order to 
separate atm from radium, ete, 

‘The didatoxytetrastiyloneglyco] phanes were combined with the large 
dibutoxytetrasthyleneglyool extract. Tracer a TT was aided = the tres 
allowed to ade for the experiment deseribed in the section, Inclation of 
an Aotiniue Praction fron a 72 sample, Tracer Added. 

The tributy) phosphate phases were taen contacted wn ly with 
e 125 ul. portions of K ,, The eee ieee eee, 
containing actinium ard contaninsnis, was ver wdbed with carbon tetrectluride 
to remove traces of tributy phosphate and then evaporated to dryness with 
a heat lamp, taking care not to heat bayond dryness. 

Tha revidue was dimsalved in a mall quantity of wate." and the solution 
converted to 0 ml. of anturated ammonium nitrate, 0.) 4 da HHO 5» The 
technique used for the isolation of an actiniue fractiat from a Weng comple 
was then used, beginning at thre first dibubsxytetreathylecinglycol and 
trioutyl phonphate cycle. The data ave listed in trode 2> 


———— 


Isolation of an Actinium Fraction from 2 T Sample, Tracer Added.~ 
~ An aliquot of the standard 427 solution corresponding to 42 c/m due 


solely to alpha branching was added to the dibutoxytetrasthylensglycol 
extract, containing 962 + 10 g. of th®22, descrived in tho immediately 
preoéding section. Following a 73 day ageing period, an actinium fraction 
was isolated according to the procedure of the preceding section, beginning 


with the saturated ammonium nitrate scrub. The data are included in Table 
2. 


Results and Discussion, 


From the data of Table 1 and the value of the half-life of ac®5, 
10.0 days’), the ratio of Ac?® to V by nase at secular equilibrium 
is calculated to be 9.9 x 107, ‘this figure should probably be set at 
(9.9 + 008) x 10°26, ‘Prom this ratio, values for the following mass 
ratios, at secular equilibrium in the ore body, may be derived: Th229 
to Th, (3.4 + 0. 3) x 10720 and be) to y238, (1.3 2 0.2) x W. 


Table 1 
Isolation of Ac’ from Fu 


Rept.” 120 hcoing 405 isolated Yield Ac** content 


(g) (daye (c/n) (%) (c/m) 
2 8.77 80 22] = - 
2 5.3 86 153 uh 5 Juli“ 


# Expt. 1 involved no Ac®2? tracer. In Expt. 2, Ac*@? tracer was added so 
that the chemical yield could be determined. 


n Since the feed solution of mo had aged days and the porvoid between 
isolation of the Ac“? sarple the 220 and alpha pulse analysis of 
the aliquot was 2) hre., the "Ac**? content" represents 76:16 of the 
maximum value. 
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5 However, in order to calcula te the wp??? to 128 ratio the contribution 
to the 0233 content resulting from the Th(n, garma) reaction mst be 
evaluated. It is thongnt that this contribution may be calculated with 
reasonable accuracy rom the experimental value for the ratio of Th®2? 
to Th * in a me? „ 2 

From the data of Table 2 the re of 1% to Th * at secular 
equilibrium is calculated to be Less than 1.1 x 10 19 ind may certainly 


be assumed to be late than 2 x 10-19, From this latter figure the mass 


ratio of mee? to me?, at secular equilibrium in the ore body, is calculated 


to be less than 3 x 10 „. corresponding to an upper limit for the 133 
to mz mass ratio of 7 x 10723, 


Table 2 
Isclation of a2 fron Ihe? 


Expt.* 232 Ageing 4025 isolated Yield A025 content 


(g) (c/m) ([) (% ) 
1 985 56 45 2 * 
2 962 73 43 51.5 c 


* Expt. 1 involved no ac®27 tracer. In Expt. 2, ao tracer was added 
20 that the chemical yield could be determined. 
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Since the feed solution nad aged 73 and the period between iso- 
lation of the fe“ 25 sample from the and alpha pulse analysis of 
the aliquot was 24 Wes, the "Ac229 content" represents 95.1% of the 
maximum value. 

In order to correct for the wmntribution from the T2232“ n, gumma) 
reaction to the Th??? content of the Th? sample of Table 1, use was made 


of the data of Levine and Seaborg(27) who found that the Pu229 to u235 


17. d. A. Lavine and d. T. Seaborg, J. Ams Chom. Soc., 73, 3278 (1951). 


ratio in a Belgian Congo pitchblende sample was approximately 1.5 times the 


lower relative pues? content of the latter mineral is a result of neutron 
capture by rare earths. On this supposition, it appears logical to assume 
that for the pitchblende and monazite samples the respective rates of 
conversion of Thea? to ue should equal the ratio of the respective rates 
of conversion of v238 to py239, 

Consequently, the maximum contribution to = Th229 to m ratio in 
the pitchblende sample shovid be equal to the triple products (182 to 
232 


tn“-* ratio in the monazite sample) times (the factor 1.5 nentioned above) 


times (the Th@2* to Th229 ratio in the pitchblende sample). In the work being 
reported, the The used had been isoloted from Belgian Congo pitchblende 


concentrate, and the 1°32 used had been isolated from Brazilian noni ta. 
Therefore, it is felt tat by the introduction of 2 factor of ten (to 
cover sample differences within a deposit of Rrazilian monasite and within 


a deposit of Belgian Congo pitchblende) the contribution of the Th232. 


n, garma) reaction to the 7229 to Th230 ratio in'the pitchblende concentrate 


used in the present work may be calculates by the above method. 

Since the mass ratio of Th232 to he in the sample studied is 
d. the eden contribution'to the W ts The” mess ratio by the” 
m232 (n, gama) reaction is calculated, by this method, to be li x 1012. 
This value is considerably below the experimental error involved in the 
determination of the Th“? to me ratio. 

It is concluded, therefore, that the source of the Th229 is Np237 
formed by the ves (n, 2n) reaction. The Np?37 to 0235 mass ratio(5) is 
then calculated to be (1.8 + 0. u) x 10 10727, 

This ratio may be compared with the Pu 29 to b 220 mass ratio of 
(1.5 + 0.2) x 107 11 tor a sample of pitchblende concentrate from the 
same deposit.(7) Since the ratio of the respective rates of forantion of 
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A 
Wp*37 and pues) is the samo as the ratio of their respective activities as 
measured in the present ore vody, assuning no appreciable variation in 
the neutron flux over past ages, it follows that the ratio of the res- 
pective neutron capture cross sections of yo38 in the ore body for the 
(n, 2n) and (n, garma) reactions may be calculated to be (1.3 + 0.6) 
x 10-3. 1 

The neutron flux is ansumed to be contributed to by neutrons resulting 

from: spontaneous fission of 238 | the 11 (a, n) reaction mere 4; is a 
light element such an Li, Si, Mg etce, induced fission of 0235 ani cosmic 
rays. The importance of these various neutron sources in ore bodies has 


| deen discussed by Seahorg ot 1 (3) C8) Garner ot a1(4), Levine et ai(17) 


18. d. 7. Seaborg,and l. L. Perlmar, J. Ams Chom. Soce, 70, 1572 (18 8). 


and Peppard et a1 (7), 
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